INTRODUCTION
The production of ketogluconic acids from glucose by fermentation methods has been of particular interest to this Bureau as a means of extending the industrial utilization of agricultural products. Our investigations have led to the development of a rapid and efficient process for the production of 5-ketogluconic acid from glucose by Acetobacter suboxydans, as heretofore reported (Stubbs et al., 1940) . However, we have not found it possible to conduct a fermentation with our strain of A. suboxydans on any substrate in such a manner that 2-ketogluconic acid is the major product, as has been reported by Bernhauer and Knobloch (1938) . These authors found that a certain strain of A. suboxdans gave predominantly 2-ketogluconic acid when cultivated on gluconic acid salts, although when cultivated on a glucose substrate, 5-ketogluconic acid was the principal product. A more recent publication by Bernhauer et al. (1940) indicates that such results are dependent on the particular strain of A. suboxydars used, for a second strain tested by them yielded 5-ketogluconic acid when cultivated either on glucose or gluconates. Although we have not succeeded in producing 2-ketogluconic acid with A. suboxydans, we have found that this product can be very efficiently obtained from glucose by the action of members of a different genus of bacteria. An organism which appeared as a contaminant during an A. suboxydans fer-mentation was isolated, and has since consistently produced 2-ketogluconic acid from glucose or gluconates. A practical process for the production of 2-ketogluconic acid, using this organism, has been described (Stubbs et al. 1940) . A culture of this organism was sent to Dr. C. B. van Niel, of the Hopkins Marine Station, Pacific Grove, California, who very kindly examined it and classified it as a Pseudomonas of the P. fluorescems group.
Since ketogluconic acid production by Pseudomonas or Phytomonas has not been previously reported, an investigation of the fermentation of glucose by bacteria of these genera was undertaken, and the results are presented in this communication.
A literature search revealed the production of gluconic acid by only one species in these genera, Pseudomonas (Phytomonas) savastanoi. The gluconic acid yield of five-to seven-month-old glucose peptone cultures was approximately eighty-five per cent, and no reducing acids could be detected (Alsberg 1911) . Conner, Riker and Peterson (1936) reported the occurrence of small quantities of pyruvic and acetic acids in glucose cultures of the hairy root organism (Phytomonas rhizogenes).
Of interest in connection with the production of ketones by Pseudomonas is the finding of Kluyver, Hof, and Boezaardt (1939) who described the formation of a purple pigment in salted beans. They considered that the pigment was probably derived by autooxidation of triketo-inositol, which was formed by the action of Pseudomonas beijerinckii on the meso-inositol present in the beans.
MATERIALS AND METHODS
Our survey studies were conducted in Jena glass gas-washing bottles (Type 101-a), which are constructed with sintered glass false bottoms through which sterile air may be passed, thereby aerating and agitating the cultures. The basic nutrient solution has the composition:
Two hundred milliliters of this solution was placed in each Jena glass gas-washing bottle and sterilized at fifteen pounds pressure for one-half hour. After cooling, 2 ml. of a sterile twenty per cent urea solution and 5 grams of calcium carbonate (sterilized dry) were added to each bottle. The cultures were incubated at 300 for eight days, each culture being aerated constantly at the rate of 200 ml. of air per minute.
At the conclusion of each experiment, a determination of calcium in solution was made by precipitation of calcium as the oxalate and subsequent titration with standard KMnO4, in the usual manner.
The original nutrient solutions were analyzed for glucose and the fermented culture solutions for total reducing substances (glucose plus 2-ketogluconic acid) by the copper reduction method of Shaffer and Hartmann (1921) . The optical activity of the fermented liquor was also determined after clarification; this value, together with the copper reduction value, permitted the calculation of the concentration of glucose and of 2-ketogluconic acid in the liquors, according to a method described in an earlier publication (Stubbs et al. 1940) . It should be mentioned here that calcium 2-ketogluconate has a very appreciable negative specific rotation (about -88°), in contrast to the considerable dextro-rotation of glucose and the very slight dextro-rotation of calcium gluconate. The exhibition of a levo-rotation by the fermented liquor is, therefore, indicative of 2-ketogluconic acid production. Agreement in the glucose values, as determined by polarimetric observations and copper reduction values, indicates that glucose is the only reducing material present in the cultures represented in table 1.
As a final check, calcium 2-ketogluconate was isolated from the culture liquors of representative species. In order to obtain this salt, the harvested liquors were concentrated at low temperatures to about one-third the original volume, cooled, and the crystalline material filtered off and recrystallized from water. Such purified samples were identified by the comparison of calcium content, copper reduction values and optical rotation with pure known materials. The original identification of 2-ketogluconic acid was made by examination of the methyl ester (Ohle 1937) and (Diemair, Bleyer and Schneider 1935) .
The rotary aluminum fermenters used in the experiments described here were the vessels constructed in this Bureau several years ago, (Herrick, Hellbach and May 1935) , and successfully used in the study of a variety of oxidative fermentations.
EXPERIMENTAL RESULTS

Cultures in gas washing bottles
The results of our study of twelve species (twenty-two strains) of Pseudomonas and of eight species (ten strains) of Phytomonas are presented in tables 1 and 2. These data show that considerable quantities of gluconic acid or 2-ketogluconic acid are formed in submerged aerated cultures by most of the organisms studied. 2-Ketogluconic acid was the principal metabolic product of Pseudomonas species and in many cases represented more than 80 per cent of the glucose consumed. In the culture of P. fluorescens (our isolate), it has been previously shown that gluconic acid occurs as an intermediate in the formation of 2-ketogluconic acid (Stubbs et al. 1940) . That this is also true of the other 2-ketogluconic acid formers is suggested by the fact that the quantity of 2-ketogluconic acid in the harvested liquors is sometimes considerably less than that equivalent to the calcium in solution. Our previous work (Stubbs et al. 1940) showed that under the favorable conditions prevailing in the rotary drum fermenters, gluconic acid did not accumulate since it was converted to 2-ketogluconic acid almost as rapidly as glucose was oxidized to gluconic acid. We had therefore concluded that the 2-ketogluconic acid process was not so readily separable into two distinct phases as was the 5-ketogluconic acid fermentation, where no keto-acid was formed until substantially all of the glucose had been oxidized to gluconic acid. The , Stubbs et al. 1940 ).
It will be noted from table 1 that several strains of Pseudomonas and Phytomonas produced but little acid. In such cases there were formed considerable quantities of gum, which made the cultures very viscous.
Cultures in rotary fermenters under pressure In the fermentations by one strain of Pseudomonas ovalis and by the active Phytomonas species, the oxidation did not proceed beyond the gluconic acid stage, as shown by optical rotation and copper reduction values; consequently the calcium in solution is present as calcium gluconate. Further studies on some of these organisms were conducted in rotary aluminum fermenters to determine whether the more highly oxidizing conditions prevailing therein, as compared with the gas-washing bottles, would result in the production of compounds representing greater degrees of oxidation of the glucose molecule than gluconic acid. The culture medium used was of the same composition as that used in the bottles. The drums, which contained 3300 ml. of nutrient solution, were rotated at thirteen revolutions per minute, and the aeration rate was 1600 ml. per minute. The temperature was held at approximately 250C., and the pressure was maintained at 30 lbs. per sq. in. (2.11 kgm. per sq. cm.), since these conditions had been found favorable in our earlier studies of Pseudomonas.
The non-ketogenic strain of P. ovalis produced an eighty-two per cent yield of gluconic acid in seventy hours, all the glucose being consumed by this time. Maintaining the culture fifty hours longer under the same conditions did not reduce the gluconic Phytomonas stewarti, when grown in the rotary fermenter, produced a 47 per cent yield of gluconic acid in 120 hours, with no evidence of ketogluconic acid production. Phytomonas syringae gave a 42 per cent yield of gluconic acid in 46 hours, but further oxidized the acid, so that all the material was removed from the solution. The refractive index of the final harvested liquor corresponded to that of water, indicating the complete removal of soluble matter.
Several times during our studies on the production of 2-ketogluconic acid in rotary fermenters by P. fluorescens (our isolate), we have continued operation without change of conditions for as long as two days after the maximum concentration of 2-ketogluconic acid had been reached. Under such circumstances, the concentration of calcium 2-keto-gluconate slowly and steadily decreases from the maximum value.
Cultures in Erlenmeyer flasks In order to investigate the metabolism of Pseudomonas species when cultivated in non-aerated surface cultures, one strain of P. ovalis (the gluconic acid-producing strain) and two strains of P. fluorescens were cultured in one-liter Erlenmeyer flasks, each flask containing 200 ml. of nutrient medium of the same composition as that used in the aeration bottles. After 26 days incubation without aeration or agitation these cultures contained only a trace of soluble calcium salts, and had consumed very little glucose, while in eight days the gas-washing bottle cultures had consumed all the glucose, with the formation of soluble calcium salts equivalent to five grams of calcium carbonate. It is thus evident that acid production by these species of Pseudomonas is dependent on aeration and agitation of the culture medium, and this circumstance may explain the failure of some previous workers to observe this fermentative activity of these organisms.
DISCUSSION
Within the genus Pseudomonas, a wide range of oxidizing ability is known to occur. The work reported here indicates that under proper cultural conditions, many species of Pseudomonas are characterized by a definite but relatively slight oxidizing ability toward glucose. The present study has demonstrated the accumulation of large quantities of gluconic acid and 2-ketogluconic acid in the glucose metabolism of several species of Pseudomonas and Phytomonas. The genus Pseudomonas is shown to contain an interesting group of ketogenic organisms which show similarity to the ketogenic members of the genus Acetobacter. They differ from the ketogenic acetic acid bacteria, however, in that after the oxidation of glucose to gluconic acid, the ketogenic Pseudomonas strains attack the number two carbon atom of the glucose chain, whereas the fifth carbon atom is the major point of attack in the case of the ketogenic acetic acid bacteria.
In general, it appears that the members of the genus Pseudomonas are slightly more active oxidizers than are the species of Phytomortas studied, at least under the conditions herein reported. Gluconic acid has been found to accumulate in large quantity in the cultures of several species of Phytomonas, but the formation of 2-ketogluconic acid has not been established for this genus.
The finding of considerable quantities of 2-ketogluconic acid in the cultures of Pseudomonas aeruginosa (table 2) is of interest in relation to the report of Aubel (1921) that Bacillus pyocyaneus (Pseudomonas aeruginrosa) brought about a fermentation essentially similar to the alcoholic fermentation. In contrast to this, data obtained with our two strains of P. aeruginosa show that under our culture conditions the major portion of the glucose is converted to gluconic or 2-ketogluconic acid. This difference might be explained on the basis of special culture conditions such as air supply, agitation, etc., as previously discussed. The findings of Schreder, Brunner and Hampe (1933) , and of Kobel (1931, 1932) It is interesting to note that, under our culture conditions, pigment production was observed only in the cultures of P. aeruginosa, which showed a small amount of blue color in the foam above the solution and in the foam traps placed in the outlets.
SUMMARY
The glucose metabolism of Pseudomonas and Phytomona species has been studied in submerged aerated cultures. Sixteen strains of Pseudomonas, distributed among ten species, produced 2-ketogluconic acid, the yield being in excess of 80 per cent in many cases. One strain of P. ovalis produced only gluconic acid.
Four species of Phytomonas, of eight species studied, produced gluconic acid in appreciable quantity. None of the Phytomonas strains produced 2-ketogluconic acid.
